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ABSTRACT 
 
Gold (Au) and silver (Ag) nanoparticles have a diversity 

of interesting properties between which they emphasize the 
electrical ones, optical, catalytic and the applications in 
biomedicine like antibacterial and antiviral, same that 
depend on their morphology and size. The nanoparticles 
were synthesized using polyol and green methods. We 
made a comparison of these methods in order to investigate 
the influence of reaction parameters on the resulting 
particle size and its distribution. In the first method we use 
polyol process with poly (vinylpyrrolidone) (PVP) acting as 
a stabilizer and ethylenglycol as a reductor. The green 
method is an ecological synthesis technique. In this article, 
we made use of chemical compounds of plants in order to 
obtain ascorbic acid as reductor agent and saponins with 
surfactant properties. Here, we show that green method 
allows synthesize metallic nanoparticles and reduces the 
temperature requirement which is in contrast to the 
obtained with the polyol method.  
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INTRODUCTION 

Metallic nanoparticles are of great interest because of 
the modification of properties observed due to size effects, 
modifying the catalytic, electronic, and optical properties of 
the monometallic nanoparticles.[1-3] For this purpose, 
many colloidal methods of synthesis have been approached 
to obtain metallic nanoparticles, such as homogeneous 
reduction in aqueous solutions,[4]or phase transfer 
reactions,[5] with sodium citrate, hydrazine, NaBH4, and 
lithium trietilborohydride (LiBEt3H) as reducing agents, 
each of them yielding products with different 
physicochemical and structural characteristics.[6] Among 
these, the polyol method has been reported to produce  

small nanoparticles  as the final product, easily changing 
composition and surface modifiers. This technique does not 
require an additional reducing agent since the solvent by 
itself reduces the metallic species. However, besides the 
stoichiometry and order of addition of reagents in the 
synthesis process, one of the most important parameters in 
the preparation is the temperature. Modifications in 
temperature influence the reaction by changing the 
stabilization of the nanoparticles formed and the surface 
modifiers, e.g., PVP, and the nucleation rate of the reduced 
metallic atoms.[7] 

Gold (Au) and silver (Ag) nanoparticles have a diversity 
of interesting properties between which they emphasize the 
electrical ones, optical, catalytic and the applications in 
biomedicine like antibacterial and antiviral, same that 
depend on their morphology and size.  
Characterization of these systems has been a difficult 
process where researchers have employed indirect 
measurements to identify the localization of the elements 
within the nanoparticles. A novel approach to study this 
kind of particles is based on the use of a high angle annular 
dark field (HAADF) technique, in a transmission electron 
microscope (TEM), which allows the observation of the 
elements due to atomic number, densities, or the presence 
of strain fields due to differences in lattice parameters. 
structure, the presence of surfactants or any other surface 
modifier besides the size of the particle and also by near-
field scanning optical microscopy (NSOM) we determine 
the size of the particles.[8, 10] 

The nanoparticles were synthesized using polyol and 
green methods. We made a comparison of these methods in 
order to investigate the influence of reaction parameters on 
the resulting particle size and its distribution. In the first 
method we use polyol process with poly (vinylpyrrolidone) 
(PVP) acting as a stabilizer and ethylenglycol as a reductor 
[11, 12].  Such procedure yield different morphologies of 
metal nanoparticles (including gold and silver) [13-15]. The 
green method is an ecological synthesis technique. There, 
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we made use of chemical compounds of plants like rosa 
berberifolia and geranium manculatum in order to obtain 
ascorbic acid as reductor agent. Ascorbic acid (C6H8O6) is 
an abundant component of plants which reaches a 
concentration of over 20 milimols in chloroplasts and 
occurs in all cell compartments including the cell wall. 
Additionally the acid has functions in photosynthesis as an 
enzyme cofactor (including synthesis of ethylene, 
gibberellins and anthocyanins) and in the control of cell 
growth [16]. We use for the synthesizes other kinds of 
plants also with compounds that have surfactant properties 
like saponins.  Here, we show that green method reduces 
the temperature requirement which is in contrast to the 
obtained with the polyol method. The use of these natural 
components allows synthesize gold and silver 
nanoparticles.  
 

EXPERIMENTAL SECTION 
 

       The polyol method was followed to obtain  
nanoparticles passivated with poly(vinylpyrrolidone) 
(PVP). Hydrogen tetrachloroaurate (HAuCl4) (III) hydrate 
(99.99%), silver nitrate(AgNO3) (99.99%), and poly (N-
vinyl-2-pyrrolidone) (PVP-K30, MW = 40000) were 
purchased from Sigma Aldrich, and 1,2-ethylenediol 
(99.95%) was purchased from Fischer Chemicals; all the 
materials were used without any further treatment. A 0.4 g 
sample of Poly (N-vinyl-2-pyrrolidone) (PVP) was 
dissolved in 50 mL of 1,2-ethylenediol (EG) under vigorous 
stirring, heating in reflux, until the desired temperature was 
reached (working temperatures ranged from 140 to 190 C 
in increments of 10 C). For the monometallic 
nanoparticles, a 0.1 mM aqueous solution of the metal 
precursor was added to the EG-PVP solution, with 
continuous agitation for 3 h in reflux.  

      The green method is an ecological synthesis technique. 
There, we made use of chemical compounds of plants like 
rosa berberifolia and geranium manculatum in order to 
obtain ascorbic acid as reductor agent from the extracts of 
these plants. Ascorbic acid (C6H8O6) is an abundant 
component of plants, which reaches a concentration of over 
20 milimols in chloroplasts and occurs in all cell 
compartments including the cell wall. We use for the 
synthesizes also cactus extracts with compounds that have 
surfactant properties like saponins.   

       The extracts were prepared as of 1 to 40 grams of  the 
mentioned plants. Then from 10 to 50 milliliters of  the 
extracts of these plants respectively were dissolved in water 
or in  ethanol under vigorous stirring, heating in reflux, 
until the desired temperature was reached, when were 
drastical changes of the color of the solutions from yellow 
to dark brown in the case of  silver nanoparticles and  in the 
case of  gold nanoparticles synthesizes the color of the 
solutions changed from pink to brown. For the gold and 
silver nanoparticles, a 0.1 mM aqueous solution of the 
metal precursor was added to the solutions with extracts, 

with continuous agitation for 30 minutes to 1 h in reflux in 
a working temperatures range from 60 to 100 Celsius.  

     The synthesis of colloidal metallic nanoparticles  was 
carried out taking into account the optimization of the 
conditions of nucleation and growth. For this reason the 
variation of parameters like the concentration of the 
metallic precursors, reductor agent, amount of stabilizer, 
temperature and time of synthesis were realized. 
     For the electron microscopy analysis of the metallic 
nanoparticles, samples were prepared over carbon coated 
copper TEM grids. HAADF images were taken with a 
JEOL 2010F microscope in the STEM mode, with the use 
of a HAADF detector with collection angles from 50 mrad 
to 110 mrad. also by near-field scanning optical microscopy 
(NSOM) we determine the size of the particles. UV-vis 
spectra were obtained using a 10 mm path length quartz 
cuvette in a Cary 5000 equipment. 
 

 
RESULTS AND DISCUSSION 

 
     The use of these natural components allows synthesize 
metallic nanoparticles. In the green method, gold and silver 
nanoparticles were prepared by the same reduction of 
HAuCl4 and AgNO3 respectively using extracts of plants, 
ascorbic acid as reducing agent obtained from geranium 
manculatum leaves, rosa berberifolia petals  and like 
surfactants and simultaneous reducing agents in some cases 
were used cactus extracts. 
     The reaction time for the polyol method was around 3 
hours and the nanoparticles were synthesized between  140 
and 190 oC. In the green method the reaction time is 
reduced from 3 hours to 30 minutes until 1 hour at 60oC. 
   In accordance with the studies of UV visible 
spectroscopy, whose plasmons are in figure 1 for Au and 
Ag synthesized nanoparticles the results shown an 
absorption energy in 547 nm and 415 nm respectively. 
The TEM characterization reveal the formation of 
nanoparticles of these metals, independent of the employed 
method, with a size distribution  between 20 and 120 nm for 
gold (see figure 2) and between 10 and 27 nm for the silver.  
The NSOM showed that the size of gold nanoparticles 
syntheised  was of  15 nm with very narrow distribution. 
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Figure 1. UV-Visible absorption spectrum of the Au (1A)  
and Ag (1B) nanoparticles synthesized by polyol and green 
chemistry respectively.Formatting dimensions for 
manuscripts. 

 

 

Figure  2. TEM images of Au nanoparticles   synthesized 
by polyol method. 

 
CONCLUSION 

In this original work, we show that green method 
reduces the temperature requirement, which is in contrast to 
the obtained with the polyol method. The use of these 
natural components allows synthesize metallic 
nanoparticles with very narrow distribution. 
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